ABSTRACT: Objective: To develop a prototype system to manage data on coloproctology surgery, aiming at Data Quality (DQ) and the adoption of a DQ monitoring process, which is nonexistent in most biomedical systems. Methods: The construction of the prototype was separated into five steps: analysis of an existing system (legacy), the analysis of requirements and specifications for the new prototype, the development of the model, definition of technologies and the development of a prototype. Results: The analysis of the legacy system revealed several limitations and inconsistencies, which can result in problems concerning the DQ. Therefore, actions to prevent these problems are already being executed at the step of developing the prototype, such as the creation of interactive and more elaborate interfaces, the use of validation mechanisms on data fields and the proposal of a process to monitor inconsistencies and incompleteness in patients' data. Conclusion: The adoption of DQ mechanisms on system development results in building a reliable and consistent database, to assist tasks such as management, scientific research and future intelligent data analysis methods. Future work includes subjective evaluations of DQ indicating the adequacy of the prototype for the users' needs.
INTRODUCTION
Technology has been increasingly contributing by assisting the different activities in various fields, pushing the development of human knowledge. Among the different technological contributions, information systems have an important role concerning data management, since they feed databases with information, which is the main raw material for scientific research, besides being essential for decision making.
According to this point of view, in the health field it is necessary to manage information on different aspects of a patients for the performance of a surgical procedure; more specifically, in coloproctology, this specialty comprises various diseases that can be treated with surgery, such as cancer, adenomatous polypo-sis, Chron's disease, among others [1] [2] [3] [4] [5] [6] . Thus, an information system may significantly contribute with the management of data concerning surgery, that is, pre-, inter and postoperative periods, enabling the construction of a solid and organized database.
In order to assist in a more complete analysis of the great volume of data created by the information systems, computer processes such as Data Mining (DM) can be used, since they aim to discover knowledge or interesting standards, which are not difficult to obtain when conducted by the non-automatic data analysis 7 . However, so that these data can be used, both for decision making and for the application of DM processes, it is important that the data that are present in the information systems be a faithful representative of the facts 8 . Low-quality data can harm any process that uses them, and the adoption of corrective measurements leads to high costs for the institutions 9 .
Problems with data quality are not only characterized by data inconsistency, but also by how useful the information is (1) . Therefore, Data Quality (DQ) can be defined as the information that has less inconsistencies and that is adequate to the purposes of the users 10 . The variety of possible DQ problems is huge. However, the problems have characteristics that allow their classification as to perspective, user and data, and to the depending or not on the context 10 , according to the following requirements:
• Data perspective/regardless of the context: problems that may be present in any database, such as spelling mistakes, duplicated data and incorrect values; • Data perspective/depending on the context: problems that violate the specifications of the business, that is, rights and restrictions of a specific domain that define the norms of the system; • User perspective/depending on the context: problems concerning data processing, such as inaccessible, insecure data and those that are difficult to recover; • User perspective/regardless of the context: problems that indicate that data are not adequate to the purposes of the user, such as incomplete data, those that are irrelevant to the activities and difficult to understand.
In order to assist the evaluation of DQ, there are different dimensions in literature to represent the characteristics of data [11] [12] [13] [14] [15] . Among the most cited dimensions, the accuracy characterizes the faithful representation of real world facts by data obtained by the information systems. Completeness, on the other hand, characterizes the complete representation of the states of an entity in the real world, which are necessary for the user's needs. There is also the consistency dimension, which shows the presence of redundant data or the consistency between two related elements, such as address and postal code. Concerning data timing, the punctuality dimension shows the data that are up-to-date and available to meet the users' needs at a proper time. As to the level of credibility and truth of the facts, it is characterized by the credibility and the relevance dimension, which characterize the level of applicability and assistance that the data can offer to meet the users' needs.
Thus, the evaluation of DQ uses the existing dimensions associated with metrics, which represents the problems with DQ to quantify the level of quality of the specific characteristics of data.
Nowadays, the Coloproctology service at the School of Medical Sciences (FCM) of Universidade Estadual de Campinas (UNICAMP) uses a system developed with Microsoft Acess (2) to register the surgeries performed in this service. However, this system, which was later called the legacy system, presents limitations and inconsistencies, thus not meeting all the users' needs, which impacts directly on the quality of the stored data.
The objective of this study is to present the development of a prototype to manage data on coloproctogy surgery that offers a proper structure to the processes that use it; it also aims to create a vast data base with DQ. Thus, these data can be used for the administrative control and also for academic research; the latter is performed by the use of DM processes by health professionals, together with informatics professionals. It is interesting to point out that the proposal of this system includes a process to monitor DQ, which is still uncommon in biomedical systems, which aim to minimize the presence of wrong information in databases, thus performing the validation of fields in the 
METHODS
In order to develop the prototype, consolidated methods of software engineering, such as prototype and the incremental development 17;18 . The prototype model, as represented in Figure  1 , enables the development of a system with the construction of prototypes in continuous interactions with users, thus obtaining the complete system 17 
.
The incremental model also adopts the interactive philosophy of prototype. A set of functions is added to each version of the system, which are called increments, starting with the essential elements until the system is complete, that is, after the performance of all increments 18 . The project of this system was organized in five main steps: 1. Analysis of the legacy system; 2. The gathering of requirements for the prototype; 3. Development of models and prototype screens; 4. Definition of Technologies to be used; 5. Development of the prototype.
In step (1), the legacy system was analyzed, thus mapping the structure of the system to identify the set of previously collected information, the existing limitations and the possible flaws that can have a negative interference in DQ. Figure 2 represents a high level vision of the legacy system. In this figure, it is possible to observe that the item patient is related with the other items of the legacy system. However, one of the limitations in the system of is that it accepts the registration of only one surgery and a set of preoperative examinations per patient.
Based on the analysis of step (1), step (2) was characterized by the definition, concluded by experts in the medical and informatics fields, of the basic necessary requirements for the new system: • Control of access to the system: only authorized people can access the patients' data; • Organization of the information: the system should have a friendly interface and provide information according to the classic elements of medical propaedeutics 19 ; • Mobility and easy access: the system should provide mobility to the health professionals, so that the access does not depend on the geographic position or on the computer that is being used; • Data quality: the system should have mechanisms to assist the monitoring of the quality of data inserted into it. Besides the presented requirements, additional items were defined that were not present in the legacy system. The proposed prototype is composed of approximately 446 items ( Figure 3 ) in comparison with the 108 items of the legacy system ( Figure 2 ).
On step (3), the models were created to represent the entities of the new system and its relations, as demonstrated in Figure 3 , providing a high level view of the prototype.
In this step, the screen prototype was developed, which enabled the previous definition of the structure of the system, its functions and the distribution of information. This step consisted of continuous interactions among experts in the medical and informatics field, so that all the requirements of the prototypes could be met.
Thus, the information concerning the patients that is managed by the prototype is organized into three sections: • Identifying the patient; • Occurrence; • Family history.
The identification section of the patient is comprised of data that allow the identification of a patient, as well as other information concerning his or her origin (nationality), religion and data on blood type and RH factor. Afterwards, the occurrence section is comprised of data related to one surgery, so it is possible to register as many occurrences as necessary for each patient. The data in this section are organized in different subsections, such as: • Personal history: data on diseases, such as diabetes mellitus, hypertension and neoplasm, social and eating habits of the patient; • Diagnosis: data on coloproctological disease; • Preoperative examinations: data on laboratory, imaging and clinical examinations in the preoperative period; • Surgery: data on performed surgical procedures; • Postoperative: data on hospital and outpatient follow-up related to the respective occurrence. As mentioned, it is possible to register many occurrences for each patient, and each of them can be identified by date and time by the responsible doctor.
Finally, the Family history section consists of data that identify the family characteristics of the person, such as the number of brothers, children, if there is has a twin sibling or if the person is adopted. In step (4), the technologies used to develop the project and to make th prototype work were defined. These opensource technologies were: 1. Implementation: The Ruby programming language (3) , which is a programming language focused on simplicity and productivity, and the framework for web development Ruby on Rails (4) , provides the fast development of applications; 2. Application server: Apache application server (5) , widely used for web applications, together with the plugin Passenger (6) , which allows the installation of Ruby applications in Apache servers. 3. Database: system to manage the database (SGBD) PostgreSQ L (7) , which guarantees the integrity of the stored data.
In step (5), the prototype was developed with the help of Technologies presented in step (4) according to the models established in step (3) . The development of the prototype was followed-up by experts in the medical field.
RESULTS
This paper led to study the viability of adopting DQ measurements during the development of a biomedical system, which is not so common in existing systems and significantly contributes with the creation and the maintenance of a quality database [20] [21] [22] . From a previous bibliographic analysis, it was possible to define characteristics that contribute with the DQ, and also that helps to put them into practice during the process to develop a prototype to manage data on coloproctological surgery.
The system modelling was conducted by experts in the medical and informatics fields, resulting in the structure of the system represented in Figure 3 ; this enables the organized and loyal representation of the processes and information concerning the patients and their occurrences. In Figures 4, 5, 6 and 7, examples of prototype screens developed according to the requirements and models defined in steps (2) Figure 4 shows the result of the implementation of mechanisms to control the access, so that the system can only be accessed by authorized people, thus assuring the privacy of the patients' data. The users can only be registered by people with administrative privileges.
After registering in the system, the user can access the list of patients and doctors, according to the privileges given to his account by the administrator, by the fields showing on the left side of the screen. For example, in Figure 5 , the screen to register the information concerning the occurrences of one patient is presented. It is important to say that these data are fictitious, used only to show the functions of the system. The style adopted for this screen is also used in the other sectios of the system. After finishing the registration, it can be consulted in the screen represented in Figure 6 , which is similar to the registration screens; however, its only purpose is to show the information.
In the fields in which predefined values can be inserted, as represented in Figure 7 , there are mechanisms that enable the user to select the value or to register a new value, in case the wanted item is not listed.
DISCUSSION
The analysis of the legacy system conducted in step (1) showed many limitations and inconsistencies that can lead to problems in DQ. The mentioned system was developed as an emergency solution to register data concerning the performed coloproctological surgeries. Thus, its modeling does not properly reflects the needs of the clinical and surgical processes represented by the data in the patients' medical records.
The data model of the legacy system, presented in Figure 2 , enables to verify the relationship between the entities in this system. In this model, a patient can be only submitted to one surgery, and only one set of preoperative examinations can be registered. The item Reoperation registers patients' recurrences, but it does not allow the registration of results of preoperative examinations related to the recurrence. Much important information that characterize the clinical picture of the patients do not have specific fields for registration, thus, it is necessary that professionals register these data in the observation fields. The data in these observation fields are in natural language, which is easy to understand; however, it is more difficult to apply the processes of analysis, like DM, besides being more prone to typos. Also, the legacy system does not have a friendly interface or security mechanisms that prevent non authorized people from accessing data; its structure is not adequate to store a great volume of data, and does not provide the possibility for the remote access to the system. Figure 3 represents the relation of the items in the proposed prototype, and it is possible to observe that, unlike the legacy system, the information on a surgery is gathered in the item Occurrence, which is also related to a doctor. Besides, the additional items enable a complete representation of the characteristics and conditions associated with the occurrences of patients, and also contribute with future applications of processes, such as DM.
It is also important to point out that DQ positively influences the application of the DM process 23 , resulting in more reliable models and reducing the time of the data preprocessing step, which is the most difficult in the process 7 . Because of the presented issues and the importance of DQ for the processes that use them, steps (2) and (3) resulted in the project of a prototype to manage data on coloproctological surgery. As a guide to properly build this prototype, the Electronic Health Records Certificate (Manual de Certificação para Sistemas de Registro Eletrônico em Saúde), approved by the resolution 1821/07 of the Federal Council of Medicine 24 , presents several guidelines for the development of the project.
Initially, it was defined that the prototype would be a web system, in order to make update and maintenance of the system easier, since they would be centralized in the server. Another advantage of choosing a web system is the mobility for the health professional, since he or she can access the system regardless of their geographical location or computer -only a web navigator would be necessary. The development of a prototype was also accompanied by medical experts, who suggested some improvements in the implemented functions, characterizing the interaction process that occurs with the prototype and the incremental development used as software process models.
The programming language used to develop the prototype, as described in step (4) , is the Ruby language, accompanied by the framework for the web development of Ruby on Rails. A programming language that allows the logic of the program to be developed in an understandable way, that would be later translated into computer instructions. A framework, on the other hand, can be defined as a set of library codes and mechanisms to enable the development of activities they are destined to 25 . The Ruby on Rails framework particularly allows the automation of different tasks during creation, installation and maintenance projects of a web system, enabling the fast development of applications 26 . It was built to solve 80% of the problems that are present in the web development, considering that the other 20% depend on the context of the application 25 . Another characteristic of this framework is the presence of mechanisms that assist the validation of graphic interface fields, establishing standards for the data to be inserted by the us- . Besides, this framework provides mechanisms to develop test routines to assess the proper implementation of the functions of the system.
Another important aspect of the project is the concern about DA in the step of prototype development [step (5)]. Thus, the functions offered by the Ruby on Rails framework also contribute with this purpose. In literature, a great part of the solutions for DQ problems are addressed to corrective methods. These methods are important because they imply high costs to the institutions. Thus, it is better to reach balance between preventive and corrective measurements 9 . As a preventive measurement of DQ, the project of the system also aims the implementation of processes to support the constant monitoring of the quality level of the system's data, thus enabling the adoption of corrective measurements, if necessary, before the problems are spread and result in serious conflicts 20 . The monitoring process also aims to help the health professional to identify data inconsistencies, indicating records with problems. Thus, the professional can count on more reliability for decision making based on data.
Another impact factor for DQ is the presence of pleasant and organized graphic interfaces in the system, so the users can easily access the system. Poor graphic interfaces may result in frustrating experiences for the users, who may leave blank or incorrect fields 27 . Because of this, the information will be hierarchically organized in the new system, providing an environment that is more structured to insert data. Also, mechanisms that allow to hide non used data were adopted, resulting in a cleaner and more pleasant interface, and also making the location of specific information easier.
The prototype presented in this study was designed to get a larger volume of structured information to represent the patients' characteristics. When the set of values for the fields is known, mechanisms that present the relation of possible values for that field were used, thus allowing the user to choose the proper value, as presented in Figure 7 . Such mechanisms help to reduce inconsistencies and typos, contributing with DQ. If the desired value is not in the presented list, it is possible to register a new value, that will be later included in the list.
It is important to say that the proposed prototype presents some special functions, aiming to facilitate and stimulate the use of the system. For instance, we could cite the assistance of the semiautomatic filling, with the confirmation of personal history by a health professional after the first occurrence. These data are recovered from the base of previous occurrences, so the user does not need to reinsert the information that is already in the system -it is only necessary to update the information in case there is any change.
To complement the DQ solution, another important function is the registration of operations in the system by a determined user, thus helping to identify the cause of problems, if they occur.
CONCLUSION
Considering the impact that DQ problems can cause, the adoption of measurements that help to prevent these problems is very relevant, since it increases the reliability of the system and has a positive impact on the processes that use it. Despite the careful planning to develop the new system and its characteristics, the users also need to be aware and carefully insert the data.
It is important to point out that the process of DQ monitoring enables the adoption of corrective measurements that are necessary in a proper time, before any problems can be spread, thus avoiding the origin of serious conflicts. This differential does not exist in most biomedical systems, helping to build a structured data base that can be used for simple consultations and for scientific research; for example, methods for an intelligent analysis in DM, as well as statistical analysis, can be used.
In the next step, the prototype will be improved, and the data of the legacy system will migrate and be adjusted to the new system, thus minimizing the impact and becoming more pleasant to the users. Afterwards, a subjective DQ assessment of the built prototype will be performed, leading to the analysis of adapting to the needs of the users, as well as making adjustments, if necessary. Palavras-chave: cirurgia colorretal; coleta de dados; análise de dados; sistemas de informação; mineração de dados.
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